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WHY HAVE LOSSES 


Poor Grading—High Overhead—Troubles 


the following stone producers why they are using NIAGARA 


ROLLER BEARING SCREENS year after year 


Gelvay Process Company Jamesville, N. Y. 
Reck-Cut Stone Company 
Reck-Cat Stone Company Madison Co., N. Y. 
Reck-Cat Stone Company Jamesville, N. Y. 
Reck-Cat Stone Company Lacona, N. Y. 
Reck-Cat Stone Company Watertown, N. Y. 
Mohawk Limestone Products Company —.... Mohawk, N. Y. 
Mohawk Limestone Products Company —~.— Jordanville, N. Y. 
Mohawk Limestone Products Company —..... Mount Vision, N. Y. 
BUFFALO Crashed Stone Company —______ Buffalo, N. Y. 
Federal Crushed Stone Company 
Genesee Stone Products Company Stafford, N. Y. 
LaRey Lime and Crashed Stone Company__. LeRoy, N. Y. 
Ribstone Concrete Products _..._._______ LeRoy, N. Y. 
Dolomite Products Company Rochester, N. Y. 
General Crashed Stone Company —..___..__ Oats Corners, N. Y. 
General Crushed Stone Company North LeRoy, N. Y. 
General Crushed Stone Company Glenmills, 
Wagner Quarries Sandusky, 
Wagner Quarries Castalia, Ohio 
Delomite, Inc. Maple G: Ohio 
Hersog and Soas Forest, Ohio 
Blue Limestone Marion, Ohio 
National Lime & Stone Co. Spore, Ohio 
National Lime & Stone Co. Carey, Ohio 
National Lime & Stone Co. Lewisburg, Ohio 
National Lime & Stone Co. Bluffton, Ohio 
Belle Center Stone Co. Belle Center, Ohio 
Higgins Stone Company Bellevue, Ohio 
Lake Erie Limestone Company Youngstown, Ohio 
Lake Erie Limestone Company —_______. Lowellvilie, Ohio 
Lake Erie Limestone Company ——..___. Hillsville, Pa. 
Lima Stone Company Lima, Ohie 
Limestene Company Youngstown, Ohio 
Ohio Marble Company Piqua, Ohio 
CC. Beam Melvin, Ohio 
Rock Products Company Toledo, Ohio 
France Stone Company Holland, Ohio 
France Stone Company Monroe, Mich. 
Swint Stone Company Fremont, Ohio 
4. B Baker Company Bainbridge, Lancaster 
4. &. Baker Company White Hall, Baltimore, 
New Castle Lime & Stone Company New Castle, Pa. 
New Castile Lime & Stone Company —..___.. Dunbar, Pa. 
Lehigh Stone Company Ormrod, Pa. 
Stowe Trap Rock Company ——..__._...._. Pottstown, Pa. 
Carbon Limestone Company Hilleville, Pa. 


LET US FIGURE YOUR PROBLEMS 


Blue Stone Quarry Company Gwynedd Valley, Pa. 
Quarries Gap, 
Connecticut Quarries Company Rocky Hill, Cenn. 
New Haven Trap Rock New Haven, Conn. 
Edward lord, Cons. 
John S. Lane and Son Ww Mags. 
West Roxbury Trap Rock Company West Roxbury, Mass. 
Rowe Contracting Company Malden, Mass. 
Simbrico Stone y West Roxbury, Mass. 
Casper Stolle Quarry & Construction Co. ... East St. Louis, IL 
Consumers Company Lemont, Ill. 
Federal Stone Company LaG mm 
Michigan Limestone & Chemical Company Rogers City, 
Biesanz Stone Company Minz. 
Meshberger Bros. Stone Company ....___..... Berne, Ind. 
Hy-Rock Products Company —  ........... 


Marengo, Ind. 
Fanwood Stone Crushing & Quarry Co. .... Fanwood, N. J. 
Samuel Braen Pat N. J. 


Franklin Limestone Company Nashville, Tean. 
Lime Company Sherwood, Teas. 
John H. Wilson Honolulu, Hawaii 
CANADA 
J. A. Bourbonnale Vaudreafl, Que. 
Canada Crushed Stone Corp. Puslinch, Ont. 
Coast Quarries Vancouver, B. C. 
Dufferin Construction y Innerkip, 
Gordon Crushed Stone Company Hagersville, Oat. 
Thomas Langton Crushed Stone Coldwater, Ont. 
LaCie A. Desrosierz, Ltd. Montreal, Que. 
Quarries, Ltd. Ont. 
Quinn Stone and Ore Company Ft. William, Ont. 
Rigand Granite Products Company ~~ Rigand, Que. 
Stone and Son Ingersoll, Ont. 
Standard Lime Company, Ltd. —.___.____ Joliette, Que. 
Walker Bros. Thorold, Ont. 
Warden King Company, Ltd. _.._.._._..._.____ Montreal, Que. 


NIAGARA CONCRETE MIXER Co. 


40 PEARL STREET 
BUFFALO, N. Y. 
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range Quarry pany West Orange, N. J. 
Granite Rock Company ............_........... Logan, Calif. = 
Daniel Contracting Company ...............San Francisco, Calif, 
Deits Hill Development Company .......... Kansas City, Ma. 
Rock Hill Quarries Company 1... St. Louis, Mo. - 3 
Texas Trap Rock Company Sam Antonio, Texas 
Dittlinger Lime Company .......... New Braunfels, Texas 
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IMPORTANT ANNOUNCEMENT 


There was held at the Thirty-Second Annual Meeting of the American 
Society for Testing Materials, Atlantic City, June 24 to 28, 1929, a Sym- 
posium on Mineral Aggregates, announcement of which was made in the 


November issue of the “Journal.” 


Since that time a more careful read- 


ing of this publication would seem to warrant that specific attention again 
be directed to it, as it contains a vast amount of information which should 
be of decided interest and value to crushed stone producers. 


For your in- 


formation there is given below a list of the papers included in the Sym- - 
posium: 


CONTENTS 


Introduction—R. W. Crum. 

Methods of Inspection of Mineral Aggregates—A. S. Rea. 
Fine Aggregate in Concrete—H. F. Gonnerman. 

Fine Aggregate in Mortar and Plaster—J. C. Pearson. 


Fine Aggregate in Bituminous Mixtures—H. W. Skid- 
more. 


Effect of Aggregates Upon Stability of Bituminous Mix- 
tures—Prevost Hubbard. 


Influence of Quality of Coarse Aggregate on Strength of 
Concrete—F. C. Lang. 


Influence of Coarse Aggregate on the Durability of Con- 
crete—F. R. McMillan and George W. Ward. 


Influence of Mineral Composition of Aggregates on Fire 
Resistance of Concrete—S. H. Ingberg. 


Aggregates for Low-Cost Untreated Roads—C. N. Conner. 


Mineral Aggregates for Sewage Disposal and for Railroad 
Ballast—H. F. Kriege. 


Needed Research on Mineral Aggregates—F. H. Jackson. 
General Discussion. 


Copies of this publication may be obtained from the American Society 
for Testing Materials, 1315 Spruce St., Philadelphia, Pa., at the following 
prices: 1 to 9 copies, $1.00; 10 to 49 copies, $.75; over 50 copies, $.60. 


The National Crushed Stone Association 


1735 Fourteenth Street, N. W. 
WASHINGTON, D. C. 
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COMPARE THESE 


OTE that the Hum-mer pro- 
duced a 95% separation as 
compared to the former separation 
of 74%. This means that 21% of 
material formerly left in the tailings 
is now recovered by the Hum-mer. 


Based on the former production 
of fine material, this is an increase 
in tonnage of more than 28%. 


This is only one of hundreds of 
instances where the Hum-mer has 
proved its ability to make screening 
more profitable. 


Screen vibration so positive, sa 
powerful, that a man can stand upon 
the screening surface without dimin- 
ishing the vibration is responsible for 
the wonderful sorting action obtained 
with the Hum-mer. 


HUM-MER Electric SCREEN 


TAILINGS 


74% SEPARATION 95% SEPARATION 
WITH OLD SCREEN WITH HUM-MERS 


The “pull”? that produces this 
wonderful vibration is the same as 
that of the electro-magnetic hoist 
which is capable of lifting tons of 
metal. 


Learn what the Hum-mer will do 
on your material. Send for the 
book, “‘Screening for Profit.” 


The W.S.TYLER COMPANY, Cleveland, Ohio 


Manufacturers of Woven Wire Screens and Screening Equipment 


When writing advertisers please mention THe CrusHep Stone JouRNAL 
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Methods of Inspection of Mineral Aggregates 


By A. S. REA 


Chief Engineer, Bureau of Tests, Ohio Department of Highways, Columbus, Ohio 


From Symposium on Mineral Aggregates, held at the Thirty-Second Annual Meeting of 


the American Society for 


SSUMING that provision has been made in the 
matter of organization by the user, whether it 
be a unit of national, state, county, or municipal gov- 
ernment, or private organization to handle inspection 


of materials, certain fund- 
amental rules can be laid 
down in the methods to be 
followed. With the vary- 
ing conditions existing 
both as to locality and 
types of construction it is 
recognized that it is im- 
practicable to formulate 
specific directions which 
would be applicable gen- 
erally. For this reason no 
attempt will be made to 
enumerate in detail, in- 
structions to be followed 
in the inspection and 
sampling of materials. 
The subject will be dis- 
cussed for the most part 
by outlining in more or 
less general terms the 
methods and policies 
which have been used suc- 


cessfully by engineering organizations, and references 
will be made to standard methods or procedures that direction of the highway department. 


have been adopted. 


The subject will be considered under the following 


sub-titles: 


1. Preliminary Investigations; 
2. Inspection During Construction; 


4. Field Tests. 


SYNOPSIS 


This paper discusses the methods of inspection of 
mineral aggregates from a technical standpoint. The 
discussion considers: (1) Preliminary investigations, in- 
cluding material surveys and reconnoissance surveys; 
(2) inspection during construction, including inspection 
at source of supply and at destination; (3) methods of 
sampling; and (4) field tests. 


The important things to be observed in inspection at 
the source of supply and at destination are pointed out 
and the advantages of each method of inspection are dis- 
cussed. The importance of proper sampling is empha- 
sized and the standard methods of the Society are rec- 
ommended as a guide in formulating instructions to in- 
spectors. The screen test, silt test, colorimetric test for 
sand and test for weight per cubic foot are named as the 
more important field tests. 

Mineral aggregates play a most important part in the 
construction work throughout the country. Our high- 
ways and streets, for example, are over go per cent min- 
eral aggregates and concrete construction of all kinds 
will average 85 per cent aggregates. Therefore adequate 
inspection and tests are necessary to the protection of 
the enormous annual investment in these materials. 


Testing Materials, Atlantic City, N. J., June 24 to 28, 1929. 


3. Methods of Sampling; and 


Preliminary Investigations 
Preliminary investigations of aggregates may be 


said to cover any exami- 
nation or inspection of the 
source of supply prior to 
construction. In practice 
this may consist of either 
geological or material sur- 
veys, or reconnoissance or 
special preliminary ex- 
aminations. 


Material Surveys: 


A number of the states 
as well as other political 
sub-divisions of govern- 
ment have had very com- 
plete surveys made of 
their local resources. This 
has been especially true 
with reference to deposits 
of mineral aggregates. 
In some cases the survey 
has been conducted under 
the supervision of the 


state geologist, while in others it has been under the 


The informa- 


tion collected in a survey of this sort may be of ines- 


tion program. 


timable value in planning and carrying out a construc- 
A materials survey involving the 
sampling and testing of the materials, is considered 
of such value that it is essential that the investiga- 


. 
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tion should be in charge of someone who not only 
knows the geology of the state, but is also familiar 
with the character and use of construction materials. 

Some of the important things to observe in a sur- 
vey of this kind include the following: a detailed de- 
scription of the deposit or quarry including the ex- 
act location; name of owner; the geological formation 
where applicable; the amount and character of over- 
burden or stripping; approximate quantity available; 
whether material from the same source has been pre- 
viously used, where and for what purpose, and with 
what results. Notation should also be made of the 
shipping facilities, the plant equipment, if it is a com- 
mercial plant, and the approximate capacity of the 
plant. A detailed record of the extent and location of 
the material represented by each sample should be 
made. For this purpose a sketch, both in plan and ele- 
vation, showing the thickness and location of the dif- 
ferent layers is recommended. 


Special Preliminary Surveys: 

In those states where no general materials survey 
has been made and even in those where such a survey 
has been conducted at a much earlier date, where pos- 
sibly conditions have materially changed since the orig- 
inal survey, it is often desirable to make a reconnois- 
sance or special materials survey. The plan usually 
followed when a construction project is proposed is to 
have an examination or survey made to determine 
what local materials are available and also their suit- 
ability for the particular type of construction contem- 
plated. In some states, where conditions are such that 
it is considered impracticable to ship in material for 
particular projects, the specific requirements for the 
mineral aggregates are based on the test results of the 
best material available locally. A careful study should 
be made by the engineer of all surface indications and 
exposures and a sketch or map should be made of the 
project and adjacent area, from which it may be de- 
termined whether it is more economical to haul from 
the local deposit than to ship material from a commer- 
cial plant by rail. The procedure to be followed and 
the data which should be collected are essentially the 
same as that noted under “Material Surveys,” except 
that perhaps less detailed information will usually be 
required. 


Inspection During Construction 


Assuming that the contract has been awarded and 
that the contractor has advised the materials engineer 


as to the source from which he proposes to obtain his 
mineral aggregates, the method of handling the rou- 
tine inspection may be either by inspection at the 
source of supply or by inspection at destination. 

An inquiry as to the methods followed by various 
states, counties, cities and organizations in this re- 
spect will reveal a marked difference in policy in the 
matter of inspection. Some states, for example, strong- 
ly favor the inspection of all aggregates at their 
source. In others the tendency is for inspection at 
destination, while in most states a combination of the 
two methods in varying ratios is the policy. Condi- 
tions, of course, determine more or less the practica- 
bility of the best method to follow. The chief advan- 
tage in the inspection at the source of supply of any 
material is in avoiding delay awaiting the results of 
laboratory tests. It also practically eliminates the 


‘possibility of rejection on the job with the resulting 


expense and delays involving re-shipments, demur- 
rage, etc. The chief objection to this method of those 
favoring inspection at destination is based on the high 
inspection charges where the shipments are light, to- 
gether with the fact that where conditions are favor- 
able the plant inspection as applied to aggregates is 
considered unnecessary. It is held that where the 
quality of the aggregate is not in question and the 
plant operation is efficient, so that the grading or siz- 
ing is properly controlled, it is a needless expense to 
provide for plant inspection under such conditions. 
Where the quality and the grading as evidenced by the 
character of the product received is not satisfactory, 
plant inspection may be desirable and economical. In 
this connection it might be said that the more general 
adoption of field tests, as applied to aggregates, has 
resulted in the elimination of many delays in awaiting 
the results of tests on samples sent to a central labo- 
ratory. 


Inspection at Source of Supply: 


It is not the intention to enumerate the duties of a 
plant inspector nor to go into detail regarding the in- 
spection methods to be followed for each type or class 
of fine and coarse aggregate, but rather to outline the 
general practice normally followed at plants produc- 
ing aggregates for construction work and to call at- 
tention to some of the precautions to be observed. 

The materials inspector is stationed at the plant for 
one purpose—to see that material being shipped com- 
plies with the requirements of the specifications and is 
satisfactory in every way. It is his duty to see that 
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material being loaded is of approved quality and of 
satisfactory grading and uniformity, and in some cases 
to keep a record of the car weights. Inspectors located 
at plants furnishing fine and coarse aggregates should 
make a careful study of plant conditions and opera- 
tions, with a view to being able to make suggestions 
on improving the quality or uniformity of the product. 
In taking samples of aggregate, whether they are for 
his own field tests or are to be sent to the testing labo- 
ratory, he should keep in mind at all times that the 
one fundamental requisite is that the sample must be 
representative of the material being sampled. It is 
often a very difficult matter for the inspector or engi- 
neer on the job to secure a strictly representative 
sample from a car or stockpile, particularly of coarse 
aggregate. The inspector at the plant has a much bet- 
ter opportunity to obtain proper samples while the 
material is being loaded into cars or bins. 

One of the very important things for an inspector 
to observe at a plant producing gravel, crushed stone 
or slag is the size and uniformity of grading. Some 
of the factors affecting the size of coarse aggregate at 
the plant are: size and shape of screen openings; 
length of screen sections; the angle of screen with 
horizontal; the speed of screen rotation; and the rate 
at which the screen is fed. A general inspection and 
record of these conditions should be made by the in- 
spector. 

Inspectors at plants producing aggregates should see 
that coal, cinders, and other foreign materials are re- 
moved from cars or barges before the aggregate is 
loaded for shipment. When the calking of car bot- 
toms is necessary, the inspector should see that it is 
done in such a manner and with such material that 
the aggregates will not become contaminated with for- 
eign material during the unloading operation. The 
use of boards, roofing paper or burlap has been found 
to be the most satisfactory for this purpose and their 
use should be encouraged by the inspector. 

One of the important duties of the plant inspector 
is to see that accurate records are kept of all ship- 
ments and test results. He should also see that all 
samples sent to the laboratory are properly marked 
and identified. 


Inspection at Destination: 


Considering the construction and building program 
as a whole it is probably a conservative guess that over 
90 per cent of the inspection on aggregates is at desti- 
nation. While a few engineering organizations pro- 


vide for plant inspection for practically all of their 
construction work, most of the states, counties, cities 
and private organizations provide only for the inspec- 
tion and testing of the aggregates after delivery. The 
ratio of plant inspection to inspection at destination 
as applied to other construction materials, particular- 
ly manufactured materials such as Portland cement 
and steel, would be much higher than with aggregates. 
This is due to the fact that the inspection of such ma- 
terials as sand, gravel, stone and slag lends itself bet- 
ter to visual inspection and also perhaps to the fact 
that field tests are more adaptable to aggregates than 
to other classes of materials. 

It has been found desirable by some organizations 
to handle the inspection of all materials at destina- 
tion by specially trained materials inspectors. In most 
instances, however, the inspection of materials is sup- 
posed to be taken care of by the same engineer or in- 
spector in charge of the construction work. Unfortu- 
nately the inspection of the materials has been in many 
cases sadly neglected. Too much dependence has been 
put upon the ability to judge the quality by visual ex- 
amination. Conditions, however, are improving each 
year and more attention is given to the inspection and 
testing of materials. 

The inspector or engineer responsible for the in- 
spection of materials at destination should examine 
all shipments of fine and coarse aggregate upon ar- 
rival to determine so far as possible from an exami- 
nation of the top of the car, if the material complies 
with the general requirements of the specifications 
relative to uniformity, cleanliness and freedom from 
foreign or objectionable material. Whereas the in- 
spector at the plant has the opportunity to thoroughly 
inspect and sample the car as it is being loaded and is 
thus in a position to judge the quality of the entire 
shipment, the inspector on the job has much more of 
a problem in the inspection and sampling of the car 
prior to unloading. 


Providing the quality and grading of the material 
are satisfactory so far as is possible to determine from 
a visual examination of the car, the next step is to take 
samples for field or laboratory tests. When samples 
are to be taken prior to the unloading of the car, spe- 
cial efforts should be made to secure as nearly repre- 
sentative samples as possible. Samples should be taken 
at a number of points including the middle and both 
ends of the car by digging holes at least two or three 
feet deep and starting at the bottom of each hole, drag 
the point of the shovel up the side. The samples thus 
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taken from each hole should be mixed and the com- 
posite sample quartered down to the desired size. 

While ordinarily samples of each shipment are taken 
for either field test or laboratory test, it may be that 
at times the aggregate will be of such a character that 
the car may and should be rejected outright on the 
basis of visual examination alone; for example, a car 
of sand may be excessively dirty or badly contaminated 
with foreign material. Coarse aggregate for concrete, 
such as gravel, may be badly coated or contain clay 
lumps. Crushed aggregate, such as stone or slag, 
may obviously be of improper grading or may be 
exceedingly non-uniform, containing perhaps pock- 
ets of fine material or dust in the center and ex- 
cess coarse material at the ends. In cases of doubt 
the material should be subjected to the field tests 
on the job or samples sent to the laboratory, but 
there are many instances in which the quality or grad- 
ing is obviously so far at variance from the specifica- 
tions that the inspector may be fully justified in re- 
jecting the material without test. 


Methods of Sampling 

The methods of sampling are considered separately 
from the inspection, for the reason that the sampling 
of materials is required under both material surveys 
and preliminary surveys as well as under routine in- 
spection, whether at the plant or at destination. It is 
not considered necessary to go into detail as to just 
how the samples shall be taken or the quantity of sam- 
ple required for each class of fine and coarse aggre- 
gate, for the reason that the methods of sampling ag- 
gregates are covered in one of the standard methods 
of the Society.. This method has been approved as 
“American ‘Tentative. Standard” by the American 
Standards Association and also with only slight modi- 
fications as a “Tenative Standard” of the American 
Association of State Highway Officials. 

It is believed that experience has demonstrated that 
the methods of sampling prescribed in this standard 
have proved very satisfactory and practical, and that 
any engineering organization formulating instructions 
to inspectors would do well to refer to this standard 
as the basis for its sampling requirements. 


Field Tests 
A discussion of methods of inspection would not be 
complete without reference to some of the more im- 
portant “field tests” which are now in more or less 


1 Standard Methods of Sampling Stone, Slag, Gravel, Sand and Stone 
Block for Use as Highway Materials, Including 
ods (D 75-22), 1927 Book of 


Material Survey Meth- 
A.S.T.M. Standards, p. 473. 


general use in connection with the inspection ox ag- 
gregates. 
rieid tests may be made at the source of supply or 

at aestination. ‘the most important of the tesus in the 
held on fine and coarse aggregate are the toliowing: 

1. Screen Tests; 

2. Silt Test; 

3. Colorimetric Test for Sand; and 
4. Weight per Cubic Foot. 


Screen Tests: 


The field test in most general use’ is the grading or 
screen test of the aggregates. In many instances, par- 
ticularly with crushed rock, the material has been sub- 
jected to complete laboratory tests for quality, so that 
it is only a matter of determining whether the aggre- 
gate is of satisfactory grading and uniformity. For 
this purpose the inspectors are furnished with screens 
and sieves, and either scales for determining the pro- 
portion of the various sizes by weight, or suitable 
cylinders or containers for volumetric determinations. 
The grading of an aggregate can be determined in the 
field practically as accurately as in the laboratory, 
therefore, except in very extreme cases, it should not 
be necessary to hold up construction work pending the 
results of laboratory tests when only the size is in ques- 
tion. 


Silt Test: 


The percentage of silt or clay in a sample of sand 
may likewise be determined in the field by a proper 
washing or elutriation test. The most accurate and 
satisfactory method is by the weight method, in which 
the silt is washed out in a specified manner and the 
loss in weight determined as described in the Society's 
Standard Method of Decantation Test for Sand and 
Other Fine Aggregates (D 136—28).° This method 
requires a source of heat for drying out the sample 
prior to and subsequent to the washing. A more rapid 
and simpler method sometimes employed as a field 
test consists in shaking a sample of sand with water, 
in a glass jar or cylinder, after which it is allowed to 
stand for a stated length of time and the percentage 
of clay or silt settling out on top of the sand estimated. 
The value obtained by this method is usually from two 
to four times that obtained by the weight method, de- 
pending largely upon the time allowed to settle; hence 
this method is only considered as a guide and may in 
cases of doubt necessitate a check determination by 
the laboratory. 


*1928 Supplement to Book of A.S.T.M. Standards, p. 161. 
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Colorimetric Test: 


The colorimetric test for organic impurities in sand 
is one of the field tests which is now being used quite 
extensively. The test consists, briefly, in adding a 3 per 
cent solution of sodium hydroxide to a given volume of 
sand in a graduated bottle and noting the color of the 
solution after 24 hours. If the liquid is colorless or has 
a slight yellow color the sand may be considered satis- 
factory in so far as organic impurities are concerned. 
The method is described in the Society’s Standard 
Method of Test for Organic Impurities in Sands for 
Concrete (C 40—27).’ The field method is the same 
as the laboratory method described in the standards, 
except that a color chart is used for comparison instead 
of employing colored solutions prescribed for the labo- 
ratory method. 


Weight Per Cubic Foot: 


One of the usual requirements in specifications for 
certain classes of coarse aggregate such as blast-fur- 
nace slag is a weight per cubic foot requirement. On 
inspections covering this type of aggregate, therefore, 
it may be required that this determination be made in 
the field. A determination of the unit weight of other 
coarse aggregates is also sometimes necessary in con- 
nection with weight proportion of aggregates for con- 
crete and also in connection with designed mixes, 
where proportions are based on compacted weight of 
aggregates. A description of the method appears in 
the Society’s Standard Method of Test for Unit Weight 
of Aggregate for Concrete (C 29—27).* 


*1927 Book of A.S.T.M. Standards, Part II, p. 123. 
* Ibid, p. 120. 


Those cited are the more important and generally 
used field tests in connection with the inspection of 
aggregates. Other special field tests employed where 
conditions require include such tests as a determina- 
tion of the percentage of shale in gravel; the percent- 
age of coke or coal; the percentage of clay lumps; the 
percentage of soft fragments; and the percentage of 
thin or elongated pieces. In some cases also where a 
crushed gravel is specified, it may require a field de- 
termination of the percentage of angular pieces in the 
aggregate. 


Summary 


It has been estimated, it is believed conservatively, 
that of the billions of dollars expended in this country 
annually for construction work, not less than fifty per 
cent is represented by the cost of materials incorpor- 
ated in the work. Mineral aggregates play a most 
important part in this construction program, exceed- 
ing, from the standpoint of volume any other class of 
material used in construction work. Our highways 
and streets to the extent of over 90 per cent are com- 
posed of mineral aggregates. Concrete construction 
of all kinds will average approximately 85 per cent by 
volume of mineral aggregates. 

It goes without saying that the protection of the 
enormous investment represented by this construction 
program makes mandatory the assurance that proper 
selection of materials be made. This can only be done 
by adequate inspection and test methods. This paper 
has attempted to outline an efficient and practical pro- 
cedure to follow in the inspection of mineral aggre- 
gates, both at their source and at destination. 


Discussion on Mineral Aggregates’ 


Inspection of Aggregates 


Mr. M. H. ULMAN.’-—Mr. Crum discussed tolerances 
in specifications. This subject needs considerable 
clarification, for specifications should be so written as 
to include the tolerances which will be permitted and 
no variation should be allowed from them. Specifica- 
tions should be written by one who is thoroughly fa- 
miliar with the desirable qualifications of materials 
for the intended use. If variations over and above the 


1 The discussion given above on “Inspection of Aggregates,” was taken 
from the general discussion on Mineral Aggregates included as a part of 
the Symposium on Mineral Aggregates. 

2 Assistant Engineer of Materials, Pennsylvania State Highway Depart- 
ment, Harrisburg, Pa. 


specification tolerances are permitted by the consumer 
it is probable that this will become progressive as ad- 
ditional requests are received from the producing in- 
terests when materials fail to comply with the speci- 
fied requirements. 

In the papers presented, no reference was made to 
the desirability of the producer having his own test- 
ing organization, so that he can be assured that all 
materials shipped comply with the requirements of the 
particular consumer, and by this method, which I feel 
is the most desirable, the final control can be exercised 
by the consumer of the materials as received. 
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Mr. Rea has discussed a number of factors to be con- 
sidered in inspection. To these I would add the 
amount of coatings on fragments of rock and any clay 
lumps in the shipment. This information together 
with information on amount of foreign material is of 
extreme importance when any controversies occur be- 
tween the producer and consumer as to the materials’ 
compliance with specifications. If condemnation has 
been made for any of these causes based on visual in- 
spection it is most difficult to satisfy the producer that 
the correct interpretation has been made. 

Mr. R. W. CruM.’—I think in most cases it is possi- 
ble to set the tolerance limits in the specifications, and 
whenever possible they should be included therein, 
and not left to the discretion of the engineer or in- 
spector on the work. 


Mr. A. S. REA.'—In regard to the determination of 
coating on aggregates referred to by Mr. Ulman, I feel 
personally that this can best be determined in the field 
by visual examination. We have found that in many 
cases it cannot be determined satisfactorily on samp- 
les sent to the laboratory, and I believe, too, that a 
quantitative determination in the field may not in 
every case be conclusive. For example, a very small 
percentage of adhesive clay may be more objectionable 
than a much higher percentage of a more granular 
coating. Our instructions to engineers and inspectors 
provide that all aggregate for concrete shall be ex- 
amined for coating on the job. 


Mr. L. E. WILLIAMS.’—With reference to producers 
having their own plant inspection in order to produce 
material which will ultimately be acceptable on desti- 
nation inspection, we have found that seldom will two 
men take separate samples of a carload of material 
and get identical results. If the material is anywhere 
near the limits of the specifications, we have to rest 
our case on the inspection of the people to whom we 
are furnishing it. If that inspection is made at the 
plant, that ends the argument; rejected cars can be 
taken care of, whereas rejection at destination often 
involves very considerable loss to the producer both 
in freight charges and also ultimate disposal of the 
material. Your own forces might make the most con- 
scientious inspection possible at the plant and yet, 
with perfectly conscientious work on the part of the 
purchasers, by a difference in sampling, the car might 
be rejected. 


aang gg” Highway Research Board, National Research Council, Wash- 
ngton, D. C. 

*Chief Engineer, Bureau of Tests, Ohio Department of Highways, Co- 
lumbus, Ohio. 

5 Plant Manager, Roy Sand and Gravel Co., Detroit, Mich. 


In our own state we have exceptionally close cooper- 
ation, at least so far as the state highway department 
is concerned. It is practically all plant inspection, and 
the spirit of those inspectors almost invariably is to 
assist the producer to get the material on the job that 
is acceptable; with that cooperation we have compara- 
tively few rejections, providing the producers do what 
they should do. On the other hand, we have other 
customers where we have destination inspection on al- 
most identical specifications, and, due to differences in 
sampling at destination, we often have considerable 
trouble. 


There is one other point that I should like to touch 
on; it is not strictly a matter of sampling, but it is 
related to the ultimate use of aggregates. Some few 
years ago, our company in cooperation with the Uni- 
versity of Michigan, had two men, who were post- 
graduates at the University, carry out investigations 
of sampling methods with particular reference to how 
the material carried through to destination. By that 
I mean taking a series of carloads at the plant, taking 
samples by several different methods, then following 
those carloads through to destination, taking samples 
out of the stock piles where used, out of bins where 
bins were used, and ultimately taking batch samples 
at the mixer. Incidentally, we developed a method of 
taking samples off the loading belt, where a loading 
belt was used at plant, that we believed was the most 
representative possible sample of the car in question. 
At the mixers, in a great many cases, the material was 
no longer recognizable, due primarily to segregation 
in handling. 

Speaking at least for Michigan producers, we are 
perfectly willing to furnish materials to the best of 
our ability under any reasonable specifications—I 
mean specifications written sufficiently broad to be 
within the limits of normal plant production. How- 
ever, we feel that we should not be required to meet 
exacting specifications when that same material is 
handled in such a way that, by the time it reaches 
its destination, due to segregation and methods of 

~ handling, one gets one batch which may run outside 
of the specifications on one side and the next batch 
may run outside in the other direction. We are 
not asking for leniency in specifications or in in- 
spection, but in the interest of better concrete and 
materials being used to the best advantage, we do feel 
that there are a lot of weak points in the handling of 
materials between the production plant and destina- 
tion, that should receive careful attention. 
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Mr. A. T. GOLDBECK * (presented in written form). 
—It can be safely said that no other part of the pro- 
cedure concerned with the purchase of aggregates 
gives quite so much trouble to both producer and con- 
sumer as the question of adequate inspection. Both 
parties have their own special views on this question 
and the methods pursued are oftentimes admittedly 
not the best, but are governed by expediency. The 
commercial producer would like to feel that when car- 
loads of aggregates leave his plant they are entirely 
suitable for the work and will not be rejected when 
they arrive at their destination. Unfortunately, how- 
ever, with the method of inspection practiced in many 
of the states, that of inspecting at point of delivery, it 
too frequently happens that many carloads in a single 
shipment are rejected for some reason which some- 
times is trivial and could readily have been obviated 
had the matter been thoroughly understood at the pro- 
ducing plant. 

In some localities high-class materials are not avail- 
able and it becomes necessary to use the best materials 
procurable which are satisfactory, provided they are 
rigidly controlled. When materials such as these are 
inspected at the site of the work, they are sometimes 
rejected and the producer suffers a considerable loss 
with the result that certain producers have refused to 
ship material unless plant inspected. At other plants 
producing unquestionably high-grade material, with 
methods of production which in every way are first- 
class, plant inspection becomes a needless expense to 
the State for it is seldom the case that such material 
does not comply with specifications. 


Too commonly inspectors at the work, instead of. 


following specifications, have their own ideas as to 
how the materials should be graded and the same 
plant shipping aggregate to different inspectors in the 
same state has frequently had to change the gradation 
merely to suit the individual whims of the different 
inspectors. Yet all of this aggregate was supposed to 
comply with the same specification. Such conditions, 
obviously, should not exist. This is a matter of edu- 
cating the inspectors by the State. 

Too commonly expensive rejections are made on the 
basis of the most superficial “toe” inspection by in- 
spectors who have no knowledge of production meth- 


® Director, Bureau of Engineering, National Crushed Stone Assn., Wash- 
ington, D. C. 


ods and their effect on gradation. Some inspectors feel 
it their duty to reject a given percentage of shipments 
to demonstrate their efficiency, completely overlook- 
ing the fact that their rejections lead to high costs 
and that it is really their duty to assist the producer 
in every possible way so that his material wil! be ac- 
cepted. Complete and sympathetic understanding be- 
tween producer and the inspection force will do much 
toward the production of better materials, thus speed- 
ing up the work and leading to better construction. 
Good engineering and good inspection demand not that 
the materials supplied to the work be perfect in every 
detail irrespective of the cost involved in their pro- 
duction but rather that they be of a quality entirely 
satisfactory for the work and produced at a reasonable 
cost. 

Mr. SHREVE CLARK.—Mr. Goldbeck requests that 
all the provisions for tolerances be written into the 
specifications. That would be very good if it were 
possible, but when we encounter coatings on stone, I 
know of no way in which that material or its condi- 
tion or characteristics can be described so that an in- 
spector will be able to accept or reject it on that factor. 

On many types of crushed stone varying layers of 
dust are collected, dependent upon the moisture in the 
air, whether it is foggy or rainy weather, and the dust 
conditions about the quarry. This dust may or may 
not be of such a character as would interfere with its 
use. In many cases the layer of dust does not inter- 
fere with the use of this material as a concrete aggre- 
gate. However, in case it is to be used with bitumi- 
nous material, it is absolutely fatal, and I know of 
cases where the layer of material on the outside of 
granite or sandstone is not at all detrimental for use 
as concrete aggregate, but it will prevent the adhesion 
of bituminous material. 

I have a case in mind of a limestone that had a slight 
layer of dust on it, or rather you might say slime, be- 
cause it was a very slight layer indeed, but the material 
was accepted because it was considered that stone of 
this character was satisfactory for concrete. It hap- 
pened to be mixed in a mixer with a cutback asphalt 
for the purpose of putting it as a surface on a road. 
It was well coated in the stock pile, but in a day or so 


We Senior Assistant Engineer, Virginia Department of Highways, Richmond, 
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a very heavy rain fell and completely washed the bi- 
tuminous material off the surface of the pile and the 
whole thing was a complete loss, all on account of a 
surface layer of fine material on the stone. 


If Mr. Goldbeck will tell us how to write specifica- 
tions to prevent such a condition, we will be glad to 
know it, because that holds for dusty layers on the sur- 
face of any aggregate. 


Mr. D. D. McGuirE.'—I think that we, as an organi- 
zation, should have respect for inspection, in that we 
should guard against such clauses in specifications as 
“clean,” “sound,” “durable,” and “free from.” One 
cannot ask an inspector to adhere to specifications that 
contain clauses impossible to produce. I think this 
Society should consider this very carefully in develop- 
ing specifications. 


Mr. STANTON WALKER (by letter) .—Messrs. Crum 
and Rea have confined their discussions to inspection 
methods. While this subject is of utmost importance 
to the producer and consumer of mineral aggregates, 
it is felt that a thorough analysis of it requires more 
complete consideration of the principal basis of diffi- 
culties and misunderstandings resulting from inspec- 
tion—the specifications. Inadequate and unscientific 
specifications probably are responsible for more of the 
difficulties laid at the door of inspection than any other 
cause. Another source of misunderstanding is the in- 
terpretative clause, not incorporated in the specifica- 
tions but enforced as a part of them, which is attribu- 
table to the inadequacy of the specification. 


Inadequate specifications, for the most part, are not 
due to carelessness or lack of thoroughness on the part 
of the engineer writing them, but are due to lack of 
definite information on the effects of the various char- 
acteristics of mineral aggregates on the finished prod- 
uct. The familiar and indefinite clause “free from in- 
jurious amounts of” is the bone of contention in many 
instances. Specifications for grading written without 
sufficient regard to the characteristics of available ma- 
terials and which cause the producer to work within 

* Engineer of Tests,’ Tennessee Highway Dept., Nashville, Tenn. 


* Director, Engineering and Research Division, National Sand and Gravel 
Assn., Washington, D. C. 


a narrow range near the limits of the specifications are 
frequently the cause of the inspector having difficulty 
in deciding on the suitability of the material. 


Many of the difficulties arise, of course, from the 
causes emphasized by Messrs. Crum and Rea—faulty 
or unintelligent inspection methods. These, however, 
can be corrected by education. No one is more anxious 
than the inspector to have a definite, clear-cut basis 
for the determination of the suitability of a material. 


Examples of misunderstandings and hardships re- 
sulting from the several causes mentioned above could 
be given without end. While a complete discussion of 
them might leave the erroneous impression that the 
life of the mineral aggregate producer is almost en- 
tirely filled with difficulties with inspectors and speci- 
fications, a few examples should be of interest. 


Many specifications for grading leave entirely too 
much to the judgment of the inspector or to supple- 
mentary clauses not a part of the specifications. The 
specifications for grading of gravel of a prominent 
state highway department requires only that 100 per 
cent shall be finer than 23 in. and that not more than 
5 per cent shall be finer than *4 in. Except for the 
phrase “graded uniformly,” a literal interpretation of 
such a specification permits the use of, for example, 2 
in. to 234, in. material, or 3% in. to 14 in. material. 
Obviously, such a range in sizes is not permitted and 
personal opinion must enter into the determination of 
the suitability of the gravel. 


' Specification limits on soft particles, with the lack 
of definite information as to how to identify a “border- 
line” soft particle, are a frequent cause for lack cf 
consistency in accepting or rejecting material by -:lif- 
ferent inspectors. 

To cite the examples of unintelligent inspection 
would require too much space and serve no definite 
purpose. That difficulty is not fundamental and will 
be corrected with education and increased knowledge. 
Greater emphasis on clear-cut, definite, and scientific 
specifications will make inspection positive and per- 
mit the producer to furnish material which will make 
inspection a matter of routine. 
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Low Cost Paved Farm-to-Market Roads’ 


By SAm'H. THOMPSON, President 
American Farm Bureau Federation 


i i dealing with any economic problem, it is natural 
for the individual to think of that problem, first 
of all, as it affects him as an individual, as it affects 
his family and his own community. In talking to you 
this morning about farm-to-market roads as a national 
economic necessity, I should like, first of all, to think 
of farm-to-market roads as a necessity in my own state 
—lIllinois. I should even like to think first of roads in 
my own county—Adams County—as they apply to one 
of my own farms. 

In Adams County, over on the Mississippi River, I 
have a farm that is not on a year-around road. My 
farm is not unique. There are many others in that 
county that do not enjoy roads that can be used the 
year around. A short time ago the farmers in that 
community got together with the county and worked 
out a system for getting a partial secondary road 
system. This was done by the farmers themselves 
contributing jointly with the county the funds from 
which these secondary roads were built. I con- 
tributed my share as agreed upon for every acre in 
this farm of which I spoke. The money was used 
in building some secondary roads but the nearest road 
to my farm is one mile away. On an average, three 
months out of the year that road isn’t worth a nickle 
to me because I cannot reach it from my farm. The 
intervening mile of mud makes it impossible. 

That mile of mud is costing me money. It is not 
only costing me money but it is costing the merchants 
of the community, it is costing the railroads, it is af- 
fecting in its small measure our entire economic struc- 
ture. 

Let me illustrate. Ten days ago I paid twenty-five 
cents a ton mile to move sixty ton of limestone six 
miles from the railroad to this farm. In other words, 
it cost me $1.50 a ton or $90.00 to move the entire 
amount. This limestone cost me $2.10 a ton laid down 
at the railroad. 

You men are interested in building roads but I do 
not feel that I am becoming too technical when I men- 
tion the need of limestone in Illinois if we are to main- 
tain the proper condition of our soils. I must con- 
fess that with all the information I have as to the 
added fertility this sixty tons of limestone would give 


1 Presented before the Eirhth Annual Asphalt Paving Conference, October 
29, 1920, West Baden. Indiana. 


my farm, I had to stop and think twice before I could 
pay $90.00 hauling charge. Now if we had had a year- 
around road to our farm, this limestone would have 
been moved during the winter by the men on the farm 
in our own trucks when trucks and men were idle. 
There would have been no particular costs other than 
the regular overhead of the farm. As it was we were 
forced to move it hurriedly at a time when the dirt 
roads were dry and hard. 

In that one illustration of something that occurred 
in my own farming experience within the past two 
weeks you have a picture which portrays the whole 
theme of my address. You see the farm contributing 
directly to the construction of roads and getting in 
return roads passable only part of the year. You see 
there the impossibility of the farmer using modern 
transportation facilities. You see in this experience 
of mine the added cost of farm necessities and you 
further see the inducement toward curtailment in our 
purchasing. 

It takes no particular imagination to apply this illus- 
tration of the movement of sixty tons of limestone to 
a farm in Adams County, Illinois, to the hundreds of 
thousands of other farms, similarly situated, in every 
state in the Union. 

A moment ago I said that if we had had a year- 
around road to this farm we would have moved the 
limestone at our leisure and in our own trucks. In 
this address we are concerned with the subject of 
roads but in passing I must refer to the motorization 
of the farm transport. The motorizing of the trans- 


port has transformed industry and commerce during 


the past decade. This motorization at present is 
denied agriculture. No one can question but that it 
would aid materially in solving the farm product dis- 
tribution problem. If American agriculture is to 
maintain its part in national progress, if it is to main- 
tain its share in providing the American standard of 
living farmers must be allowed to utilize modern ma- 
chinery, equipment and tools, both in the way of 
production and distribution. Without motorized 
transportation, agriculture cannot make its proper 
contribution to the economic progress of the nation. 
But to return to the subject—farm-to-market-roads 
—and to consider these roads from their national 
standpoint, let us for the moment consider total figures. 


' 
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We are told that there are 2,484,822 miles of unim- 
proved dirt roads in the United States. Add to this 
mileage the thousands of miles of dirt roads that have 
some grading and drainage and the total figures come 
nearer three million. It is evident that there are ap- 
proximately two and one-half million miles of road that 
cannot be used during part of the year and at all times 
these dirt roads constitute an added tax on men and 
equipment. 

Of the 6,250,000 farms in the United States, nearly 
five million are located on dirt roads. There are 1,- 
998,704 farms on dirt roads that boast some grading 
and some drainage but there are 2,747,732 farms lo- 
cated on absolutely unimproved dirt roads. That 
makes a grand total of 4,746,436 farms out of 6,250,- 
000. Of the balance, we find less than a million on 
gravel, and less than half a million on year-around 
surfaced roads. 

And yet in spite of these startling figures illustrat- 
ing so clearly that our American road building pro- 
gram has so signally failed to serve American agri- 
culture, it is significant to note that in the first session 
of the 70th Congress the report of the Committee on 
Roads of the House of Representatives contains very 
little testimony or interest in the subject of farm ser- 
vice roads. There are 652 closely printed pages of 
that report. The report gives the testimony of 72 dif- 
ferent witnesses and of the 72, only four spoke at any 
length or with any particular emphasis on the subject 
of secondary roads. These four were Congressman 
B. Carroll Reece of Tennessee, Congressman Malcolm 
C. Tarver of Georgia, Carl Howard, president of the 
National Rural Letter Carriers Association and Ned 
H. Goodell, vice-president of the National Rural Let- 
ter Carriers Association. 

The Federal Aid Road Act of 1916 was the first stat- 


ute applying the federal aid principle to road improve-- 


ment. This act provided 75 million dollars a year for 
the fiscal years 1917 to 1921 and laid down the prin- 
ciples on which federal aid has, with slight modifica- 
tion, been administered. 

In November of 1921, a Federal Highway Act, the 
Phipps-Dowell bill, was approved which established the 
general federal aid highway plan designed to provide 
roads serving every city of 5,000 population or greater 
and further designed to penetrate within ten miles of 
the homes of all the people in the country. This 1921 
act was a vast improvement over the first plan sug- 
gested in that year, for earlier a bill known as the 
Townsend act had been proposed. This Townsend 
bill provided that all federal monies should be spent 


in the construction of a great system of transconti- 
nental scenic and military roads. 

Back in 1921 the American Farm Bureau Federa- 
tion was the first farm organization to definitely op- 
pose this Townsend bill and to take the first step to 
secure roads of some service to agriculture. The re- 
sult was the adoption of the Phipps-Dowell bill out- 
lining the policy which I have already stated. This 
policy adopted in 1921 was an improvement but it has 
not been sufficient. In the past eight years, vast sums 
of money have been spent by the federal government, 
federal appropriations have been matched by state 
appropriations and the final result is that only five 
per cent of the farms in the United States are served 
by year-around roads. We still have a long way to go. 

Often when we have discussed the lack of farm-to- 
market roads, it has been assumed that the figures 
we quoted, the illustrations we used, were drawn from 
the backward states—those states that have shown 
little or no progress in many different ways. Or it 
has been assumed that we have drawn our figures 
and illustrations from the western states with their 
vast distances. This is not so. 

For example, turn again to my own state—IIlinois— 
a great midwestern agricultural state, a state that has 
expended many millions of dollars on roads. We find 
in that state, under the state road system assisted by 
federal aid, a total mileage of 9,889 miles. This was 
at the close of the year 1928. Of these 9,889 miles we 
find that 3,637 are still dirt—roads impassable certain 
months in the year and mind you, I am speaking only 
of the state highway system. If we turn to the rural 
roads, those under county and township control, what 
do we find? According to the latest figures available, 
those at the close of 1927, there were in Illinois 87,730 
miles of these rural roads and of this mileage, 74,681 
were non-surfaced dirt roads. 

In talking of farms and farm conditions, we always 
think of Iowa as this is one of the greatest farm states 
in the Union. Examining the same figures in Iowa 
that I have used in illustrating in Illinois, we find this 
to be the case; 7,184 miles in the state highway system 
and at the end of 1928, of the 7,184 miles, 2,013 miles 
were non-surfaced dirt roads. In the rural local roads, 
we find that Iowa boasted a total of 96,558 miles and 
of this total, 89,187 miles were non-surfaced dirt roads. 

But the Midwest alone is not the only portion of 
the country in which there are farmers. New York 
state, while it boasts the largest city in the United 
States and the second largest in the world, also boasts 
a great agricultural development. In New York state 
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we find the state highway system a total of 13,917 
miles and of this mileage 3,356 miles were still unsur- 
faced dirt roads. In the local rural roads we find in 
New York a total of 85,560 miles with more than half 
—to be exact—46,283 miles still unsurfaced dirt. 

Pennsylvania has in its state highway system 13,- 
330 miles and of this 4,164 are still unsurfaced dirt. 
In its local system, Pennsylvania has 79,074 miles. Of 
this 63,678 miles are unsurfaced dirt. 


Jumping clear to the West Coast, California has 
6,572 miles in its state highway system. Of this, 
2,645 miles are still unsurfaced dirt. California has 
a total of 78,583 miles in its local road system and of 
this, 58,607 miles are yet unsurfaced dirt. 

In the Southwest, Texas has in the state highway 
system 18,728 miles of which 7,979 are non-surfaced 
dirt roads. In its local system, Texas has 169,836 
miles of which 155,990 are unsurfaced dirt. 

Those are some figures selected at random to illus- 
trate conditions existing in various parts of the United 
States. The total amount of unsurfaced dirt roads 
in relation to the rural local roads is appalling but this 
condition is truly not as startling as to see the large 
proportion of the state highway systems yet unsur- 
faced. When we think of the millions upon millions 
of dollars that have been spent, it seems impossible to 
think of how comparatively few miles have been put 
in permanent condition. 


On August 31 of this year, reports indicated that the 
total mileage of permanent roads in both Federal and 
State highway systems was 78,797.6 miles. At that 
time there were 10,321.7 miles under construction. 
These ten thousand miles were to cost $259,691,965.90 
of which $104,613,910.33 was to be federal money. 

The Panama Canal cost in the neighborhood of 370 
million dollars. We have been spending on roads every 
two years the price of the Panama Canal and yet only 
five per cent of the farms in the United States are 
served by year-around roads. 

Based on my own experience as road commissioner 
in Adams County, Illinois for nine years, I feel safe in 
saying that people receive less benefit from road money 
than any other money put in taxation, due to the fact 
that so much of the road improvement is not perma- 
nent. Money spent on impermanent road improvement 
is in a large measure money wasted. I regret that I 
have to acknowledge that so much of the road improve- 
ment in Adams County during the time I was road 
commissioner was of impermanent character. 


During this discussion we are trying to decide 
whether or not: the low cost paved farm-to-market 
roads are a national economic necessity. So far we have 
considered the situation as it exists today. We have 
come to a realization that only five per cent of the 
6,250,000 farms in the United States are served by 
year-around roads. We have touched briefly on one or 
two of the effects. Now, for the moment, let us con- 
sider some of the major results of our lack of farm- 
to-market roads. 

For the past ten years, newspapers and magazines 
have discussed fully the economic plight of agriculture. 
During the last great national political campaign, all 
of us heard dozens of speeches dealing with the 
farmer’s plight. In every case the major thing dis- 
cussed was the marketing of farm products. Agri- 
culture has kept pace with industry in improving its 
production practices. But there has been apparently 
something radically wrong with the machinery used 
in the distribution of these products, something wrong 
between the time the product left the farm and when it 
reached the ultimate consumer. 


Through seven years, Congress carefully considered 
this problem. This year we have seen a special ses- 
sion of Congress called with the express purpose of 
dealing with the agricultural problem: Out of this 
special session has come legislation which has resulted 
in the setting up of a Federal Farm Board. This 
Federal Farm Board is charged with the duty of af- 
fecting improvements in the marketing of farm pro- 
duce. 

It does not take any great study of the agricultural 
situation to see that the difficulties in the distribution 
of farm produce starts right at the farmer’s gate. 
The economic life of the United States is geared to 
rapid transportation. The airplane, the bus, the truck, 
the automobile, the electric line and fast freights move 
the commerce of the nation, but the produce of the 
farm moves from the farm to the next transportation 
system on the same sort of road that existed a hundred 
years ago and either by the same general device used 
a hundred years ago or if by modern motorized equip- 


ment, with the burden of a terrific equipment wear and 
tear tax. 


One of the problems of the marketing of farm pro- 
duce is occasioned by the market glut following the 


harvest of particular crops. One reason for that glut 
is the fact that the farmer must move his produce to 


_ market during the period of a few weeks when his dirt 


road is dry and hard. Year-around roads would en- 
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able him to spread this period over a number of 
months and that would prevent this seasonal glut that 
penalizes American agriculture millions of dollars each 
year. 

A natural sequence to the effect of a dirt road on 
agricultural use of motor transportation is its effect 
on the motor industy. I believe you have another talk 
on this program this morning having to do with the ef- 
fect of farm-to-market roads on the automobile indus- 
try. I was struck with figures recently presented show- 
ing that at the end of 1927 there were only 44 yards of 
permanent highway for every motor vehicle registered. 
And someone has recently stated that if the new cars 
manufactured each year were placed end to end they 
would just about stretch the length of the permanent 
roads put in during the year. In March of this year, 
in the Atlantic Monthly, a writer—Ernest Elmo Cal- 
kins—had this to say: 

“Before the buyer of motor cars realizes that there 
is no place to drive and stops buying, the movement 
should be under way to multiply the available road 
area five-fold by surfacing all existing roads and 
the motor industry, four million strong, is the unit to 
undertake it. It has the vested interest in good roads, 
and is in itself a large enough body to influence the 
public.” 

I note statistics for the last several months show a 
steady decline in the number of motor cars manu- 
factured. 

The effect of the lack of an adequate secondary road 
system does not end with the consideration of mar- 
keting of farm products nor its relationship to the 
automobile industry. There are many other matters 
of grave importance. Let me refer to the annual farm 
fire loss. Each year in rural fires 3500 people are 
burned to death. Each year farm fires destroy $150,- 
000,000 worth of farm buildings, equipment, stored 
crops and stock. 

A little while ago Major General George O. Squier, 
U. S. A. retired, developed a plan advocating motor- 
ized fire fighting apparatus with a rural fire fighting 
company in each township, equipped with chemical 
truck with a driver that could be rushed to the aid of 
any farmer whose house, barn or haystack happened 
to catch fire. The need of such a fire protection system 
for American agriculture is apparent from the figures 
I have just quoted. I believe that such a plan is total- 
ly impossible today with only five per cent of our 
farms being served by year-around roads. Under pres- 
ent conditions during the months when fires are most 
frequent, such fire fighting equipment could not get 


within a mile of five million of the farm homes in 
the United States. 

While this inability to develop adequate fire pro- 
tection to rural America is responsible for a tremend- 
ous economic loss, I think it is greatly overshadowed 
by the effect of the mud barrier on rural education. 
The little one-room schoolhouse with its meager equip- 


_ment and poorly paid teacher is rapidly giving way to 


the consolidated or centralized, well-equipped, su‘f- 
ciently-manned public school. This is essential if the 
farm youth of America is to be fitted for modern life. 

But the consolidated or centralized school presents a 
problem. It lengthens the distance from the farm home 
to the school house. It makes necessary bus or truck 
transportation for the children. Such transportation 
cannot be economically available for farm children 
located off the permanent surfaced highways. A five- 
year survey by the Bureau of Public Roads indicates 
emphatically the effect of bad roads on school atten- 
dance in a striking way. 

Comparable to the restriction on the educational de- 
velopment of rural America is the increased cost of 
sickness due to unsurfaced dirt roads. In the current 
issue of Bureau Farmer, official publication of the 
American Farm Bureau, appears an editorial setting 
forth some startling figures regarding the cost of 
medical care for the average farm family. In this 
editorial it is shown that a recent survey gives the 
average cost per family for medical-dental-hospital 
care at $104.94 a year. It is shown that the average 
farm family pays $7.63 to a doctor to make one home 
call and 13 per cent pay more than $15.00. It is 
pointed out that the road condition is the main factor 
in this high cost of medical attention. The fact that 
the automobile has become the chief method of travel 
is an actual hindrance to farmers who can be reached 
only through unimproved dirt roads. 

The facts of this survey of medical cost show that 
in one state like Iowa, the farm people spend 
around 21 million dollars a year for medical attention 
and that a large proportion of this cost is chargeable 
directly to high cost transportation due to unimproved 
dirt roads. 

A while ago I spoke of the effect of this road situa- 
tion on the automobile industry. This effect is just 
as noticeable in the business of the merchants and 
tradesmen who serve the farmers of the country. With 
more than two-thirds of the farmers barred from the 
market-place from two to six months a year by bad 
roads, it is very reasonable to assume that farm people 
do not purchase the amount of merchandise they would 
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if they could reach the market every day. This direct- 
ly affects the groceryman, the motion picture indus- 
try, the clothing store and all other lines of commerce 
and business. 

Closely related to this thought is the possibility of 
the small town business man broadening his market 
through an adequate rural delivery system. A well 
developed system of local roads would enable such a 
development to take place. It is much more econom- 
ical for one merchant to deliver merchandise to 50 
farmers than for the 50 farmers to take so much of 
their time individually to go into town to the store to 
get their merchandise. A secondary road system that 
would permit a proper delivery system would provide 
a real economy in national distribution. It would en- 
large markets and increase consumption of manu- 
factured products. 

In considering the necessity for an adequate second- 
ary road system. pleasure must not be overlooked. 
A secondary road system would offer a far superior 
and far more appealing pleasure road than main trunk 
highways with their heavy bus and truck traffic. It 
would offer a new incentive for motor excursions for 
town and city people. It would effectively break down 
the barrier between the real rural America and the 
metropolitan areas. It would provide an absolutely 
new appeal to the city motorist seeking pleasure. 

In leaving a discussion of some of the main factors 
indicating the economic necessity of the development 
of farm service roads, one must mention briefly the 
appalling loss of life and destruction of property in 
auto accidents due in a large measure to congestion on 
trunk lines. The development of an adequate second- 
ary road system would relieve this congestion and is 
important from a safety standpoint. 

Those are some of the important factors that the 
American farmer considers in his contemplation of 
the present road problem. The Farm Bureau organi- 
zation, consisting as it does of 15,000 community units, 
1837 organized counties, of 45 state federations, has 
been tackling various phases of this problem in a 
small way during the past ten years. We now propose 
to go forth in an energetic national campaign, national 
in the sense that it will be stimulated, supported and 
sponsored by the National Farm Bureau but local in 
the sense that it will be handled directly in 1837 coun- 
ties, to bring about a proper understanding of this 
road situation and to secure the adoption of a road 
building plan that will take care of the farmer’s road 
needs. 

For every mile of trunk line built we shall insist 
that there be so many miles of secondary or farm-to- 
market roads. We believe it is false economy to build 


trunk lines without secondary feeder lines to give 
the main lines their full value. 

We do not féel that our efforts to secure adequate 
secondary road systems will necessarily increase taxa- 
tion. The amount of money now going into roads 
may be sufficient. We shall seek a more equitable pro- 
portion of that money. We shall seek federal aid for 
secondary roads. We feel justified in asking that a por- 
tion of the federal money be diverted to secondary 
roads beeause of the general increase in prosperity 
that would follow such a development. Such a devel- 
opment also would add to the value of already estab- 
lished trunk lines. 

We feel that we are justified in seeking federal aid 
for secondary roads because of the use made of these 
roads by the government for the Post Office Depart- 
ment. There are in the United States 45,000 rural 
mail carriers using 1,270,746 miles of rural road. Con- 
gressman Reece of Tennessee estimates that if the 
roads used by these rural mail carriers were vear- 
around roads, the consolidation of routes and cther 
similar economies would make a saving of at least 
25 million dollars annually to the Post Office Depart- 
ment. 

In testimony that has been submitted to Congres- 
sional committees, representatives of state associa- 
tions of rural letter carriers have pointed out the ter- 
rific toll placed on equipment and men through bad 
roads that must be used by rural mail carriers. 

In all states we shall continue our fight to see that 
an adequate proportion of the funds for road building 
purposes are directed to the development of second- 
ary roads. An example of what can be done by our 
state organizations is the outstanding piece of work 
done by our New York state federation. Through the 
effort of the federation was secured a reapportionment 
of road funds which made available 11 million dollars 
a year for secondary highways in New York. Twenty 
per cent of the gas tax goes back to the counties for 
lateral roads. The state assumes full maintenance 
costs and the like. 

Commenting on the result of this campaign, the New 
York edition of the Bureau Farmer in May of this 
year said: 

“The importance of this particular measure to rural 
people cannot be overestimated. Less than one-third 
of the farms in this state are now located on improved 
roads. With the money made available by this new 
law, the other two-thirds of the farm population will 
be brought nearer to their markets, making it pos- 
sible to step up their whole farm operation.” 

It is our purpose to bring about a similar result in 
all our great agricultural states. 
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Retread Construction in Indiana’ 


By A. H. HINKLE, 
Superintendent of Maintenance, Indiana State Highway Commission, Indianapolis, Indiana. 


HE program today is devoted to the consideration 

of “Low Cost Roads.” Your Program Committee 
is to be commended for giving this subject the time 
and attention it deserves. The study and discussion 
of “Low Cost Roads” is quite appropriate. 

We, who are in the business of road maintenance 
and construction, sometimes become lost. We allow 
the turmoil and clamor to cloud the real objectives for 
which we are striving. We lose the true perspective 
of the situation and wander in the wilderness just 
following the crowd. 

Even to one standing on the “side lines” it should be 
evident that many types of road surfaces must enter 
into an economically developed highway system in 
order that “misfits” may not occur somewhere along 
the line between the lightest traveled local roads and 
heaviest traveled trunk highways. 

There is no more logic in arguing that we must al- 
ways build the same kind of a road than to say we 
must always build the same kind of house or wear the 
same priced suit. If we always tried to enforce upon 
society the same kind of a house or the same kind of 
a suit there would be a rebellion. 

The average citizen is not well versed in road build- 
ing. He does not understand or realize the wear and 
tear of traffic on the surface of a road. The length of 
time required to observe the merits of many road 
surfaces in order to learn of their relative economic 
value denies him the full perspective so necessary in 
making a study of the merits of each road sur- 
face. The study is complicated and tedious and is 
left to others to work out. Furthermore, the pocket 
book is generally tapped in a more indirect way when 
building and maintaining highways than where one 
buys a suit or builds a house for himself and for this 
reason the average citizen frequently gives little con- 
cern to this subject. 

The greater speed of vehicles, together with the in- 
creased use of balloon tires, has made the dusty type of 
road surface objectionable, and out of place wherever 
the traffic is more than a few hundred vehicles per day 
or where the roadside is occupied by homes. Relief 


“4 Paper presented at the Eighth Annual Paving Conference, W Bad 
Springs, Indiana, October 28 to November 1, 1929. : - ” 


from the dust may be accomplished by the use of cal- 
cium chloride, oil, one of the types of cheaper bitum- 
inous tops or one of the higher priced pavements. 

During the past year our State Highway Commis- 
sion faced about 90 miles of old roads with Bituminous 
Retread top. 

I know of no road surface that fits in the gap be- 
tween the traffic bound surface and the higher priced 
pavement any better than the surface we term “Bi- 
tuminous Retread Top.” This surface can be con- 
structed very smoothly. It is dustless and easily main- 
tained and maintenance costs are not high when the 
old road to be reclaimed has sufficient width and 
strength. 

The BITUMINOUS RETREAD ToP, with which this 
paper is primarily concerned, as we have been build- 
ing it, consists of a mixture of bituminous ma- 
terial and crushed stone, slag or gravel, made by sev- 
eral applications of the bituminous material to a layer 
of the aggregate spread on the old road. The mixture 
is kept smooth and uniform by the use of a grader or 
planer, until the bituminous material hardens suffici- 
ently to cause the aggregate to compact under a roller. 
The aggregate is rolled after the applications when 
the bituminous material is in the proper stage of cur- 
ing. The surface voids that can not be closed by roll- 
ing are filled with covering material (34’’ aggregate), 
just preceding the third application of bituminous ma- 
terial. 

I shall comment on some of the salient features of 
this type of surface, leaving the specifications to be 
consulted for full details of the construction. | 


Preparing the Old Road As a Base 


This Bituminous Retread Top has been built on old 
brick and other types of pavements that have become 
objectionable because of roughness and disintegration. 
The holes and depressions in the old pavement were 
first properly patched. Generally it has been built on 
an old gravel or stone road. It may be placed on any 
kind of an old road that is su‘ficiently strong to carry 
the load that is to go over it. It may be necessary to 
level and strengthen the old gravel or stone road. 
This may be done very economically by adding a lib- 
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eral application of metal the preceding fall, winter, or 
early spring, which is compacted by traffic and “drag 
maintenance;” or by the use of a roller and stone 
screenings added to coarse aggregate as in waterbound 
macadam work. 


Use of Road Oil to Solidify Loose Material and “Level 
Up” Old Road Surface 


Our experience indicates that the cheapest building 
up as well as leveling of the base, can be affected by 
treating the old road surface coated with 1’’ to 3” of 
loose aggregate (sized for ordinary drag maintenance) 
with 14 to 34, gallons per square yard of 40 to 70 vis- 
cosity Road Oil. The loose aggregate treated with the 
oil is spread and leveled over the surface with graders, 
planers and long base drags so as to make a perfectly 
smooth base on which to place the aggregate for the 
Retread Top. Superelevations and depressions in the 
old surface can be built up by successive applications 
of loose gravel or stone and the oil. The oil is of a 
sufficiently heavy grade to cement the loose aggregate 
and hold it in place after a few days drying. Traffic 
may be permitted to use the road during this opera- 
tion. 


The use of Road Oil to solidify a layer of loose ma- 
terial on the old road is the most valuable feature put 
into practice in recent years in developing a low cost 
road that is better than a dragged type of surface. 
The oil gravel mixture not only adds strength to the 
base but it also forms a more or less impervious layer 
which sheds surface water and also breaks up the capil- 
lary attraction from the road base into the top course. 
It also greatly facilitates leveling the base and thus 
helps to obtain a smooth riding finished surface. 


Aggregate and Spreading of Same 


Aggregate consisting of No. 2 (114” to 214”’) or No. 
3 (34” to 114’’) size (the coarser size is preferable) 
is spread upon the base prepared as described above. 
The leveling of the aggregate is done by graders, 
drags, maintainers and harrows. The harrowing is 
necessary if the aggregate contains much fine material, 
as the harrowing operation will drop the fine materi- 
al to the bottom and bring a more uniformly coarse 
aggregate to the surface, where it is most desirable 
in producing a uniform surface condition. It is always 
necessary to do a certain amount of hand finishing in 
trimming the edges and “spotting up” the low places, 
that is, filling depressions with uncoated aggregate be- 


fore the application of the bituminous material, or with 
the bituminous coated aggregate after the application 
and when the'rolling is in process. However, the 
cheapness of this type of surface is due largely to the 
mixing, spreading and leveling operations being done 
mechanically, which reduces the hand labor, and hence 
the cost, to a minimum. 


If the coarse aggregate is a very hard stone it may 
be rolled one or more times before the first applica- 
tion of bituminous material. If a comparatively soft 
aggregate is used, no rolling should be done before the 
first application. There is little to be gained in rolling 
gravel before the first application. 


The aggregate used for covering material should 
consist of a hard material of about No. 4 (34”) size 
and is applied to the surface and swept into the voids 


just preceding the third application of the bituminous 
material. 


Bituminous Material, Its Application and 
Rolling 


Amount of Bituminous Material 

The Bituminous Material is applied to the aggregate 
in at least three applications. More may be used. The 
total amount of bituminous material required as well 
as the amounts used in the different applications will 
vary with the depth of aggregate and hardness of the 
stone. As an example on our average limestone, the 
different applications of bitumen on 314” of loose ag- 
gregate may be 0.4 gallon on the first, 0.3 gallon on 
the second, and 0.3 gallon the third coat, with perhaps 


a 0.2 gallon surface treatment applied before the fol- 
lowing winter. 


Grades of Bituminous Material 

Various grades of bituminous materials have been 
used in this class of work with very satisfactory re- 
sults. The most common material we have used is ma- 
terial meeting our specifications for Liquid Asphalt 
CB (cut back Asphalt with Specific Viscosity 150 to 
200 at 122°F) and.Tar TM (Specific Viscosity 30 to 
60 at 40°C). If the work is done in cool weather it is 
more desirable to use the more Liquid Asphalt AC 
(vis. 50 to 100) which differs from CB only in the 
greater amount of distillate it contains. The lighter 
bitumen makes the aggregate more susceptible to mix- 
ing and leveling with the grader or planer. However, 
in warm weather the heavier grade of asphalt will 
give quicker results at slightly less cost. 
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Asphalt OH-2 has frequently been substituted for 
the liquid asphalt in the 2nd application in order to 
reduce the cost. The OH-2 usually costs about two 
cents per gallon less than the liquid asphalts. Its use 
also permits the rolling about one day earlier. Since 
it is desirable to drag the covering material, it is nec- 
essary to again use the liquid asphalts for the third 
application. 


Applying the Covering Material 


The covering is applied just preceding the third ap- 
plication of the bituminous material. It may be ap- 
plied direct from a truck and swept over the surface 
by hand. The brushing of the covering into the voids 
may be done with a brush attached to a Ford car or 


light truck. An old carpet or tarpaulin dragged be- 
hind the truck will aid in properly placing the cover- 
ing. The purpose of the sweeping is to roll the cover- 
ing stone around over the surface until it drops into 
the voids of the coarser aggregate and fills all depres- 
sions thus producing as near a level surface as pos- 
sible. After the third coat of bituminous material is 
applied, the surface is dragged with a light drag or 
maintainer, thus materially aiding in leveling the fin- 
ished road. The size of covering stone may vary 
somewhat with the size of coarse aggregate, using a 
coarser material where the coarse aggregate leaves 


larger voids in the surface. 


Rolling 


After each application of bituminous material the 
surface is rolled with a 10 ton 3 wheel roller. Jn 
no case is covering material applied before the roll- 
ing. By this means a more uniform and smoother 
riding surface is produced than if covering materi- 
al is applied between the application of bitumen 
and rolling. Water is applied to the roller wheels 
to prevent the bitumen from sticking to them. This 
rolling should be spread out over a number of days 
while the bitumen is hardening. The important 
time to secure the best results from the rolling is 
when the bitumen is sufficientiy stiff and “tacky” as 
to prevent the stone from being “mushed” out of 
shape by the roller wheels and at the same time not so 
hard as to be dry and brittle. As the bitumen stiffens 
and hardens, the rolling should be speeded up. Too 
much rolling can hardly be done at the proper stage 
of curing. One rolling when the bitumen is in the 
proper stage of curing is worth several rollings when 
the bitumen is too soft or too hard. All bituminous 
mixtures respond most readily to the rolling opera- 
tion when the bitumen is in the proper stage of curing. 
The best results are frequently not secured in this 
class of work because the rolling is not performed 
at this most desirable time. The proper time to do the 
major portion of the rolling is governed by the air 
temperature, sunshine and the grade of bitumen used, 
as these three factors will control the rate of harden- 
ing of the bituminous material. 
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Alternate Method of Mixing Bituminous Material and 
Coarse Aggregate After the First Application 


Two distinct methods of manipulation have been 
followed after the first application of bituminous ma- 
terial. The first method consists in harrowing and 
blading the coarse aggregate after the first applica- 
tion of bituminous material, so as to thoroughly coat 
all the stone before rolling. In the second method, the 
harrowing and blading after the first application of 
bituminous material is omitted. 


Condition of Aggregate 


It is.extremely desirable that the aggregate be 
thoroughly dry when the bituminous material is ap- 
plied. The principal difference between many of the 
plant mixes and a mix made on the road as described 
above, is that in the plant mix the aggregate is heated 
until dry. If the aggregate is thoroughly dry from the 
warm sunshiny days of summer, the mix made on the 
road need differ little from the plant mix insofar as 
the adhesion of the asphalt to the aggregate is con- 
cerned. The use of the cut back asphalt also aids in 
the field mix duplicating the plant mix. 


There are many pitfalls which one may encounter 
in doing this class of work. As with all bituminous 
mixtures, it is almost imperative that one practice or 
experiment in doing this work to some extent, or that 
he have the advice of a person who has had this experi- 
ence, if he is to be assured of success. We have had 
foremen who did an excellent job the first time under 
the advice of a proper instructor, but upon the second 
attempt he proved a complete failure because of his 
limited experience and the lack of guidance of a suffi- 
ciently experienced man. Outside of the proper leveling 
of the surface, perhaps the greatest precaution that 
should be taken is to avoid using too much bituminous 
material and to use the right amount and grade of 
covering stone in the finishing process. One should 
bear in mind that it is always possible to add another 
coat of bitumen if insufficient has been applied where- 
upon if at any time too much is applied, it is impos- 
sible to remove the excess. The building on the sur- 
face of a thick mat of fine aggregate, rich in bitumen 
should be avoided as this is liable to result in the 
“waving and rolling” of the surface in later years 
which is so characteristic in many bituminous surfaces. 


High Quality Buckets 


F you can get your eleva- 
tor buckets into the sys- 
tem with the minimum 

of time, you will save money. 


If you can get a few more 
months service from them, 
again you will save money. 


If you buy Hendrick buckets 
this winter you will secure 
these two advantages. Hen- 
drick buckets are carefully 
made of excellent metal. They 
are high quality buckets. 


Hendrick Manufacturing Co. 
54 Dundaff St., Carbondale, Pa. 
New York Office: 15 John Street 
’Phone: Cortlandt 2440 


Pittsburgh Office: Union Trust Bldg. 


Chicago Office: Railway Exchange Bldg. 
’Phone: Wabash 5768 


Hazleton, Pa. 
Indianapolis, Ind. 
Montreal, Can. 


Baltimore, Md. 
Birmingham, Ala. 
Boston, Mass. 
Cleveland, Ohio 


Detroit, Mich. Seattle, Wash 
Erie, Pa. Tulsa, Okla. 


Makers of Mitco Interlocked Steel Grating, 
Mitco Shur-Site Treads and Mitco Armor- 
grids, Hendrick Perforated Metal Screens. 


Philadelphia, Pa. 
San Francisco, Cal. 
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Iowa to Build Roads at $33,000,000 Cost 


—— Iowa highway commission has decided upon a 
construction program for 1930 involving an ex- 
penditure of $33,000,000, Fred R. White, chief engi- 
neer announced orally January 7. 


One thousand miles of primary road will be paved, 
200 miles will be graveled and 400 miles will be graded, 
Mr. White said. 


The commission tentatively accepted the 1,000-mile 
paving program when President Hoover recently Be S 

called upon States to push their public works programs : HD Belt Fasteners 
during 1930. Final decision was reserved until a 


conveyor joints. They have far more strength than needed and the pull 


; 1s lized on both sides of the belt insuring long service. Note recessed 
financing program could be carefully drafted. in and bel of ps 


the bolt holes. Stocked by leading jobbers in 5 sizes. Consultation invited. 
Increased receipts from motor vehicle taxes and Flexible Steel Lacing Comp 


any 
fees, together with funds available from county road inion 
bond issues assures the State of about $45,500,000 for 
road purposes this year, Mr. White stated. A possible 
increase of more than $1,000,000 in Federal aid is not 

. included in this calculation. 


Fixed charges of the highway commission amount said Conveyor 
to about $9,000,000 a year, so that the $33,000,000 con- : cht 
struction program would leave a primary road fund 
balance of approximately $3,000,000. | 


PERFORATED METAL SCREENS 


The quality of CROSS Screens gives longer service, 
increased production and lower cost. 


CATALOG ON REQUEST. 


BUCKETS, 
FLIGHTS, often Shipped 
ETC. 


twenty-four hours 


CROSS ENGINEERING 


CARBONDALE, PA. 
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It’s All in the Cone 


~ enomenal success of 
Cone Crusher is 
mainly due to its unusual 
process of crushing. With 
access provided forlarge 
uantities of material to enter 
the crusher, fast crushing 
action and ample space for 
ones of the crushed pro- 
duct, it is but —— that this 
crusher far exceeds the per- 
—e of that = any other 
type. In no other machine 
oes the crushing head have 
a combination of great travel 
and high speed. 


For Big Capacity 


Wherever reduction crushing 
is done, full capacity is not 
being secured, unless a 
Symons “Cone” is used. This 
is a broad claim, yet has been 
proven in many installations 
where Cones” have sup- 
“ren other machines. It is 
ing demonstrated daily in 
of the largest pros: 
plants. Ordinarily, psi 
‘Cone” will do the work of 
two other machines engaged 
in this kind of service. To 
own a capacity plant, do 
your crushing with “Cones”. 
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What Practical Quarry Men Think of Cordeau-Bickford 

From time to time expressions of opinion regarding 
CORDEAU-BICKFORD come in from the oa ‘and comments 
are made in articles. Some quotations from such sources 
are as follows: 

practically nil.” 

obtained are entirely satisfactory.” 

“We have been using ConDEAU-BickForp for a number of years 
and are glad to state that our experience with it has been very 
aatisfactory and believe that it results in reducing our cost of 


BICKFORD 


THE ENSIGN-BICKFORD CO. 
HSIMSBURY - CONNECTICUT 


When writing advertisers please mention Tux Stong JounnaL 
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